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The study area occurs in the Rock Springs uplift of southwest Wyoming. FMI 
(Formation MicroImager) logs from four wells were used to study each formation in the 
Mesaverde Group (Blair, Rock Springs, Ericson, and Almond Formations). This study, 
which can be related to outcrop and core studies done at the University of Wyoming and 
Norsk Hydro, provides a unique opportunity to interpret borehole image logs within the 
context of known depositional environments and stratigraphic complexity. Based on 
previous work, depositional environments cover a broad range that includes delta front, 
fluvial, shoreface, incised valley, coastal plain, and barrier bar deposits. 
After bedding-plane orientations were measured, cumulative dip and dip azimuth 
vector plots were used to help recognize sedimentary and structural features. Cross-bed 
dip orientations, after structural dip removal, were used to determine original 
stratigraphic dip. Paleoslope orientation was determined by slump-bed analysis. 
The Blair Formation was deposited as a delta that prograded to the southeast. The 
study well was drilled in a channel margin setting. A tidally influenced channel shows 
lateral accretion surface orientation to the east-northeast. A significant rotated slump 
block shows that the paleoslope was locally oriented to the west-southwest. 
 The Rock Springs Formation well was drilled in the Chimney Rock tongue, which 
thins to the southeast. Two major valley fills in this tongue have been interpreted by 
workers at the University of Wyoming as stacked, tidally influenced channels. The lower 
 
 iv 
valley fill has cross-bed orientation to the north. The upper valley fill has cross-bed 
orientation to the south-southwest. The paleoslope interpreted from slump beds in the 
transgressive sand (at the top of valley fill) is to the south. 
The Ericson Formation has three members. The basal Trail member is a braided 
channel system. Cross-bed orientation in this member is generally to the north, northeast, 
and south. The middle Rusty member is distributary channel deposited on a coastal plain. 
The cross-bed orientation is to the north and east. The uppermost Canyon Creek member 
is a meandering channel system. The cross-bed orientation is to the north, northeast, and 
south. An unconformity at the base of the Canyon Creek is recognized from FMI 
analysis. 
The Almond Formation consist of an upper Almond barrier bar complex, which 
has cross beds in shoreface and tidal inlet deposits that dip generally to the west, 
southwest, and south. The lower Almond is a coastal plain deposit in which the cross 
beds in distributary channel sediments dip generally to the northeast, northwest, and west.  
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Excellent exposures of the Upper Cretaceous Mesaverde Group occur in the Rock 
Springs uplift area, Sweetwater County, Wyoming. Tectonic processes created the 
anticlinal structure that brought these rocks to the surface. Various depositional 
environments that are present in this area represent sandstone reservoirs in the 
subsurface. 
The Mesaverde Group is one of the most important hydrocarbon reservoirs in the 
Greater Green River basin. The Mesaverde Group has gas resources of 20.1 Tcf, which is 
25% of the total gas resources in the Greater Green River basin. The total gas production 
from the Mesaverde Group is 2.1 Tcf, or 30% of the total gas production in the Greater 
Green River basin (Table 1.1). 
In 1998, the University of Wyoming cooperated with Norsk Hydro, Union Pacific 
Resources Corporation, and Schlumberger to drill and log several behind-outcrop wells. 
The log data from these wells make up the dataset for this study.  
 
1.1. Research Objectives 
This thesis is a reservoir characterization study within a variety of alluvial to open 
















































































































































































































































































MicroImager) logs from four formations within the Mesaverde Group (Blair, Rock 
Springs, Ericson and Almond Formation).  
The main objectives of this study are: 
1. Interpret FMI logs in order to understand and characterize sedimentary 
structures such as bed boundaries, cross beds, slump beds, hummocky cross-
stratified beds, rooted zones, bioturbation, scoured surfaces, and structural 
features such as fractures and microfaults. 
2. Analyze dip domains using cumulative dip and dip azimuth vector plots to 
find sequence boundaries, unconformities, the bases of channels or incised 
valleys, and other stratigraphic and structural features. 
3. Use stereonet and dip azimuth rose diagrams to interpret original stratigraphic 
dip orientations and paleoslopes. 
 
1.2. Previous Work 
The Mesaverde Group has been studied for many years. The high oil and gas 
potential led scientists to perform reservoir characterization to try to find more 
hydrocarbon resources in this group.  
Weimer (1960) recognized four principle facies in the intertonguing of marine 
and non-marine sediments which are related to environments of deposition along the 
western margin of the Rocky Mountain area. He described the four major transgressions 






Van Horn (1979) described the depositional environment and developed a 
depositional model for the Almond Formation and adjacent strata into an overall 
depositional framework. He determined the paleogeography and demonstrated the 
environment of deposition and reservoir geometry. 
Roehler (1980) measured, described and correlated the outcrop for four 
formations in the Mesaverde Group in the Camel Rock quadrangle, Sweetwater County. 
Roehler (1988) generated a model of the barrier bar lagoon origin of part of the Almond 
Formation by studying the depositional history of the Pintail Coal Bed and Barrier Bar G. 
Shannon (1983) compiled a detailed outcrop description and reconstructed the 
depositional setting of the Blair Formation. Facies relationships indicate that the Blair 
represents a slope and basinal deposit laterally equivalent to the shelf and delta complex 
of the lower Rock Springs Formation to the north. 
Hendricks (1983) studied the stratigraphic and tectonic controls on the 
depositional system of the Mesaverde Group (Upper Cretaceous) in the Rock Springs 
uplift area. He examined the Rock Springs and associated strata to determine specific 
depositional environments and constructed a depositional model for late Campanian 
regressions in the western Interior Cretaceous Seaway. Hendricks (1990) described the 
evidence for an unconformity at the base of the Ericson Formation in outcrops along the 
east flank of the Rock Springs uplift. 
Martinsen et al. (1998) studied outcrops and placed individual members and 






sequence within the Upper Cretaceous. Martinsen (1999) described the cores and 
interpreted depositional environments from four wells. 
 
1.3. Research Contributions 
This study contributes to the field of stratigraphy, sedimentology, structural 
geology, and petroleum geology. FMI log data from four wells in the Mesaverde Group 
provide these results: 
1. Inflection points in cumulative dip and dip azimuth vector plots from FMI logs 
indicate both sedimentary and structural features.  
2. The structural study was done by plotting the open fractures, healed fractures, and 
microfaults to help interpret stress orientation in each well. 
3. Slump beds provide paleoslope information in some wells. 
4. Original cross-bed orientations show the direction of sediment transport in each 
environment from four different wells. 
5. This study offers a unique opportunity to interpret borehole image logs within the 
context of known depositional environments and known stratigraphic complexity. 
The depositional environments cover a broad range that includes delta front, 








2.1. Location of Study Area 
The study area, which is located on the north and east flanks of the Rock Springs 
uplift, Sweetwater County, Wyoming, is within the Cretaceous Western Interior Seaway 
(Figures 2.1 and 2.2). 
This study involves FMI (Formation MicroImager) and other openhole logs, cores 
in four wells, and outcrops in the Rock Springs uplift area. This project is specifically 
concerned with 4 formations in the Upper Cretaceous Mesaverde Group (Blair, Rock 
Springs, Ericson, and Almond Formations). Well Ericson #1 is located in Section 7, 
T22N, R103W. Well Rock Springs #2 is located in Section 9, T21N, R103W. Well 
Almond #4 is located in Section 8, T15N, R102W. Well Blair #5 is located in Section 5, 
T19N, R102W (Figure 2.3). Another well that was not studied is the Blair #3, which is 
located in Section 17, T17N, R120W. This well was also cored and logged. 
 
2.2. Stratigraphy 
2.2.1. Regional Stratigraphy 
During the late Cretaceous, the north-south trending epicontinental seaway 
covered almost all of the present day Western Interior. The seaway extended from the 








































Figure 2.1.  Location of study area within the Cretaceous Western Interior Seaway. 





























































































































































































































































































































































The Sevier Orogenic Belt along the western margin of seaway is the primary source of 
sediments for the depositional basin. The general fabric of the Upper Cretaceous within 
the Western Interior consist of a complex intertonguing of nonmarine and transitional 
marine sandstones, shales, and coals to the west, with offshore marine silts, clays and 
chalks to the east (Weimer, 1960).  
 
2.2.2. Local Stratigraphy 
The Mesaverde Group in the Rock Springs uplift consists of four formations: (1) 
Blair Formation (offshore to deltaic), (2) Rock Springs Formation (offshore, shoreface, 
delta front, and delta plain), (3) Ericson Formation (fluvial and estuarine), and (4) 
Almond Formation (delta plain, shoreface, and offshore sediments) (Figure 2.4). 
Two major unconformities occur within the Mesaverde Group in the Rock 
Springs uplift area (Figure 2.5). The lower unconformity occurs below the Trail member 
of the Ericson Sandstone and is evident along the eastern flank of the Rock Springs uplift 
(Martinsen et al., 1998). 
The second unconformity truncates the Rusty member and is overlain by the 
Canyon Creek member of the Ericson Formation. The top of the Canyon Creek member 
sharply changes to the fine-grained Almond Formation. This unconformity correlates 


















































































































































































































































































Figure 2.5. Stratigraphy of the Rock Springs uplift. Labels show the well 
locations in each formation. (Modified from Martinsen, 2000). 
Unconformity 
Unconformity 











The following descriptions are taken mainly from Van Horn (1979), Shannon 
(1983), Roehler (1983), Hendricks (1983), Roehler (1990), Martinsen et al. (1998), 
Martinsen (2000), and Martinsen and Steel (2001). 
 
Blair Formation 
The Blair Formation (Upper Cretaceous) is the lowest member of the Mesaverde 
Group. The contact with the underlying marine Baxter Shale is sharp to erosional and can 
be recognized in outcrop. This formation is also interpreted as a slope and basin floor 
deposit that is laterally equivalent to the shelf and delta complex of the lower Rock 
Springs Formation (Shannon, 1983). The source of the Blair Formation came from the 
northwest, as suggested by isopach maps. 
The Blair Formation is divided into two members, the Lower Sandy member, 
interpreted as basin deposition, and the Upper Shaley member, interpreted as slope 
deposition (Shannon, 1983). The Lower Sandy member is divided into three intervals: (1) 
the basal sandstone, the lower part of which consists of thin, rhythmically interbedded 
sands and shales. Burrows are present in this part. The upper part of the basal sandstone 
consists of trough cross-stratified fine to medium grained sandstone; (2) the middle 
shaley sandstone, which consists of thin interbeds of sandstone and shale, with planar to 
ripple lamination with fine grained sandstone; and (3) the upper sandstone, thinly bedded, 
planar to ripple-laminated carbonaceous sandstone which has a sharp contact with 





Martinsen et al. (1998) stated that the Upper Shaley member is dominantly shale 
with some thin sandstone beds. They interpreted this as a maximum flooding event. In the 
upper part, the number of interbedded sandstones increases with bioturbation, hummocky 
cross stratification, and wave ripples. 
 
Rock Springs Formation 
The Rock Springs Formation is an overall regressive formation of the Mesaverde 
Group (Hendricks, 1983). The formation overlies coastal plain fluvial to open marine 
shale of the upper Blair Formation, and is unconformably overlain by the coarse, fluvial 
Ericson Formation (Roehler, 1983). 
The Rock Springs Formation can be divided into two basic depositional packages, 
storm-wave dominated shoreface and coastal-plain fluvial deposits. The lower Rock 
Springs Formation consists of alternating marine shale and tongues of shoreface 
sandstone overlain by coastal-plain deposits. This unit changes to silty mudstone in the 
upper Blair Formation in the southern part of the uplift.  
The Upper Rock Springs Formation is dominated by a coastal plain fluvial 
succession. The succession is fluvial in character in the north and becomes coastal-plain 







The Ericson Formation consists of three members (Trail member, Rusty member 
and Canyon Creek member) (Figure 2.5). Deposition of the Ericson Sandstone can be 
correlated with the equivalent shoreline strata of the Rock Springs uplift in south-central 
Wyoming and northern Colorado (Roehler, 1990).  
The Trail member is the lower succession of amalgamated fluvial channel belts in 
the Ericson Formation. The Trail member succession is alluvial with coastal plain and 
brackish-water influences (Martinsen et al., 1998). The member is sand prone and 
consists of a stacked series of simple and complex channel belts. 
In the Rusty member, two facies associations are recognized: delta plain facies, 
and estuarine and valley fill facies (Martinsen et al., 1998). A sharp contact occurs 
between these facies. The Rusty member can be correlated with a transgressive episode 
between the Iles and Williams Fork Formation in the Sand Wash basin, Colorado 
(Martinsen et al., 1998). 
The Canyon Creek Member is a very sandy succession. The contact with the 
Rusty Member is very sharp and erosional across the regional unconformity. An abrupt 
change occurs between the sandy Canyon Creek member and the fine-grained sandstone 
and mud-rich Almond Formation (Martinsen et al., 1998). Two facies associations are 







The Almond Formation is the youngest formation in the Mesaverde Group (late 
Campanian and early Maastrichtian) (Figure 5.5). The Almond is overlain and 
interfingers with the marine Lewis Shale. The Almond Formation in the Rock Springs 
area is divided into 2 parts (Roehler, 1990).  
The lower part is coastal plain deposit which is consists of interbedded coals, 
shales, siltstones, and sandstones of continental and brackish water origin (fluvial 
channel, crevasse splay, overbank, swamp, and fresh and salt water marsh). Trace fossils 
include Planolites (Martinsen et al., 1998). 
The upper part is barrier bar complex which is consists of sandstones of marine to 
brackish water origin (barrier beach, back barrier, tidal inlet, tidal delta, and lower, 
middle, and upper shoreface). Trace fossils are Planolites, Ophiomorpha, Asterosoma, 
Teichichnus, and Zoophycos (Martinsen et al., 1998). 
 
2.3. Structure 
2.3.1. Regional Structure 
The Rock Springs uplift is a doubly plunging anticline of Laramide age. The 
feature is about 65 mi (104 km) long and 30 mi (48 km) wide. This uplift approximately 
divides the Greater Green River basin into the Green River (Bridger) basin on the west 





southeast flank. The east-west trending Wamsutter arch divides the Great Divide and 
Washakie basins (Figure 2.6). 
Thomas (1973) and Shannon (1983) speculated that the uplift is a drag fold 
related to the left-lateral shear between the Uinta lineament to the south and the Wind 
River shear zone to the north. On the other hand, Sales (1968) believes that the Rock 
Springs uplift is an indirect result of a much larger scale of left-lateral shear between the 
Lewis and Clark lineament to the north and the Wichita lineament to the south. 
  
2.3.2. Local Structure 
The Rock Springs uplift exposes more than 11,000 ft (3,300 m) of upper 
Cretaceous and Tertiary strata (Land, 1971). This anticline forms an arcuate outcrop 
pattern of escarpments and less resistant strike valleys around the low-lying Baxter Shale 
basin.  
The uplift is cut by a series of east-northeast trending normal faults. These faults 
have dips of 60 to 85 degrees. Displacement of the faults ranges from 90 ft (27 m) to 700 
ft (213 m) on the east flank of the uplift (Shannon, 1983). Hendricks (1983) described 
normal faults with displacements of 20 ft (6 m) to 370 ft (111 m) and 70 to 80 degree dip 
on the fault planes. 
Thickness changes occur in several formations. In the Ericson Sandstone, 
thickness increases from 460 ft (140 m) in the north to 790 ft (240) m in the south. The 
















































































































































































































































































































south. This thickness increase is believed to be a result of normal faulting along the 






LOG INTERPRETATION APPROACH 
 
 
3.1. Conventional Openhole Logs 
Although this study focused on the analysis and interpretation of FMI logs, other 
conventional openhole logs were used. The gamma ray and caliper logs are measured 
with the FMI log. The gamma ray log is then used to identify lithology. Beds with 
gamma ray values above a certain cutoff are considered to be shale beds that were 
deposited on a horizontal surface. Those beds are used as a reference to perform 
structural rotation of other beds.  
 
3.2. FMI Logs 
3.2.1. Introduction to FMI Logs 
The FMI (Fullbore Formation MicroImager) is one of the new generation of 
Schlumberger imaging tools, first introduced in 1991 (Figure 3.1). Previous electrical 
tools, such as the SHDT dipmeter were introduced in 1982. The Formation MicroScanner 
(FMS) was introduced in 1988 (Figure 3.2).  
The FMI tool has an extension flap on each pad that can be extended to increase 
the area of electrical contact. The four pads and four flaps attempt to match the borehole 







Figure 3.1 The FMI (Fullbore Formation MicroImager) tool of 




























































Figure 3.2. Comparison between the different kinds of borehole imagers 




ELECTRICAL BOREHOLE IMAGERS 
FMS (1988) 
16 buttons / pad 
6.7 mm diameter 
64 buttons total 
SHDT (1982) 
2 buttons / pad 
10 mm diameter 
8 buttons total 
FMI (1991) 
24 buttons / pad 
5 mm diameter 
192 buttons total 
EMI (1994) 
25 buttons / pad 
5 mm diameter 
150 buttons total 
STAR (1996) 
24 buttons/pad 
4 mm diameter 













Figure 3.3. Pad assembly and sensor detail of the Schlumberger FMI tool. (From 
Rider, 1996). 
0.24” 
2. Sensor array detail 1. Pad assemblage 
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approximately 8 cm wide and 18 cm long; flaps are 8 cm wide and 6 cm long. There are 
24 electrodes in each pad and flap, for a total 192 electrodes on the tool from four pads 
and four flap arrays. This tool can cover nearly 80% of an 8.5 in diameter borehole 
(Figure 3.2). 
The FMI tool is used to interpret dip magnitude and dip directions of planar 
features such as bed boundaries, cross beds, slump beds, scoured surfaces, fractures, and 
microfaults. This tool acquires an electrical image around the borehole. Results are 
viewed in 2 dimensions using workstation (RECALL/REVIEW) software. Planar features 
appear as sinusoidal traces that can be used to analyze fracture and bedding surfaces in 
boreholes using workstation software by fitting the sinusoidal waves to the feature traces 
(Figure 3.4). 
Images from the FMI tool are displayed in workstation software as highly 
conductive beds such as shale or open fractures which appear in dark shades. Highly 
resistive beds such as sandstones and healed fractures appear in light shades (Ma et al., 
1993). The image data also can be processed and displayed as either static or dynamic 
images. The static images are created when one contrast setting is applied to the entire 
well. They provide useful views of relative changes in rock resistivity throughout the 
borehole. Dynamic images provide enhanced views of features such as vugs, fractures 
















































































































































































































































































































































































































3.2.2. Sedimentary Features 
Sedimentary features from FMI images are related to sedimentary features seen in 
outcrop and core. In this study, I identified five sedimentary features: bed boundaries 
(include sandstone beds and shale beds), cross beds, hummocky cross stratification, 
scoured surfaces, and slump beds.  
Bed boundaries represent the base or the top boundary of a normal depositional 
event. Each bed boundary was interpreted by viewing the static and dynamic images 
(Figure 3.5). Bed boundaries include sandstone bedding, which is defined as bedding 
features within a sandstone (sandstone is shown by high resistivity, bright color and low 
gamma ray); and shale bedding, which is defined as bedding within a shale (shown by 
low resistivity, dark color and high gamma ray, usually more than 90 API units). 
Cross beds are defined within sandstone intervals that had steep dips (5 degrees) 
compared to the nearby dips. The 5 degree cutoff is arbitrary, and serves to differentiate 
flat-lying from more steeply dipping beds. Steeply dipping beds normally accompany 
scoured surfaces, which have changes of dip magnitude and direction. Cross beds have an 
angular relationship with underlying or overlying beds. The sine waves were picked from 
static and dynamic images. The cross beds interpreted from sandstones, usually with 
gamma ray values less than 90 API units, is used. The interpretation includes reference to 
core photos and core descriptions (Figure 3.6).  
Hummocky cross stratification is a feature of storm-dominated deposition. The 


































































































































































































































































sharp bounding surfaces and no apparent directionality (Prothero et al., 1999). Gently 
dipping cross beds can be used to identify hummocky cross stratification. Truncation is 
also observed in the FMI image (Figure 3.7). Where it was identified, hummocky cross 
stratification was not used in paleocurrent analysis. 
Scoured surfaces were interpreted as surfaces with a sharp contact at the base of a 
debris flow bed or in cross beds (Figure 3.8). Truncation needs to occur between the 
underlying layer and upper layers. This type of bedding is not used in paleocurrent 
analysis.  
Slump beds involve both folds and faults at a small scale. Slump beds commonly 
occur as overturned beds with circular fold features which represent recumbent folds. 
These are accompanied by steeply inclined lamination and chevron folding. Slump beds 
in FMI images (Figure 3.9) are more easily interpreted when combined with core photos 
and core description.   
Other sedimentary structures were interpreted from static and dynamic images in 
the four wells. Bioturbation is evident (Figure 3.10), as are rooted zones (Figure 3.11), 
oyster lags (Figure 3.12), and clay clasts (Figure 3.13).   
 
3.2.3. Structural Features 
Small-scale structural features can be easily observed directly from the FMI static 
and dynamic images. Larger-scale structure such as faults can be identified by using 
































































































































































































































































































































































































































































































































































































                             






















































































































































































































































Microfaults are small-scale faults with offsets on the order of inches 
(Schlumberger, 1970). Figure 3.14   is an example of a microfault.  
Fractures are difficult to observe on these FMI images. To be seen, fractures must 
show some form of electrical contrast. Two kinds of natural fractures are identified and 
classified:  open fractures (Figure 3.15) and healed fractures (Figure 3.16). An open 
fracture shows a dark trace cutting across part of the borehole image as a result of 
conductive mud invasion. A healed fracture is shown by the appearance of a light trace. 
Some fractures are polygonal (syneresis) fractures (Figure 3.17). This type of fracture is 
generally caused by chemical or mechanical dewatering of sediment. Polygonal fractures 
can help recognize the coastal lagoon environment because increasing salinity during 
certain periods can generate this type of fracture. These types of fractures have a braided 
appearance and often occur at a change in lithology (Newberry and Grace, 1998).  
 
3.2.4. Methods of Analysis  
Several methods were applied in the FMI analysis. The dips picked from static 
and dynamic images were classified into 5 categories: 1) Alldips: all of the dips picked in 
the FMI interpretation, 2) Allbeds: all dips except open fractures, healed fractures, and 
microfaults, 3) Slumpbeds: only slump bed dips, 4) Structural features: open fractures, 
healed fractures, and microfaults, 5) Shalebeds: allbeds excluding slump beds and 































































































































































































































































































































































































































































































































































Structural Dip Rotation: Before doing the final FMI interpretation, all of the dips 
have to be rotated to remove structural dip. The method consists of several steps. The 
first step is to make a cumulative dip plot (cumulative dip magnitude vs. sample number) 
and dip azimuth vector plot for shale beds. The reason that sample number, rather than 
depth, is plotted against cumulative dip is that the vertical interval between observed FMI 
bedding planes is normally irregular (Hurley, 1994). A gamma ray cutoff is used to 
define shale beds. A high gamma ray value is used, generally gamma ray > 90 API units. 
The shale beds were chosen to represent flat-lying deposits which can be a good 
reference for interpreting structural dip.  
The cumulative dip plot is made to see inflection points and also to identify dip 
domains of constant dip magnitude. Cumulative dip plots are more useful than 
conventional crossplots or tadpole diagrams because they highlight subtle changes and 
tend to smooth out erratic patterns in measured dips (Rahmat, 2000). One limitation of 
this technique is that bedding planes can have the same magnitude but different dip 
directions above and below a discontinuity (Rahmat, 2000).  
The dip azimuth vector plot is done by plotting the dip direction from the bottom 
to the top of the well. Major inflection points represent the boundaries between dip 
domains.  
Major inflection points were taken from the combination of cumulative dip plot 
and dip azimuth vector plot to divide the plots into segments. Each segment represents 





The next step is to make a stereoplot of poles for each segment to determine the 
mean structural dip for shale beds (Rider, 1996). Using RECALL/REVIEW software, a 
mean pole is first determined. Then a cone with radius 5 was drawn around the mean 
pole. A new mean is then calculated from within that radius. The new mean, which has 
outliers removed, is used as a structural dip which is considered to be horizontal bedding 
in a particular dip domain. Rotation is achieved by subtracting the mean structural dip 
from alldips in each segment. 
Cumulative Dip Plot and Vector Plot Analysis for Allbeds: Allbeds are then 
plotted as a cumulative dip plot and dip azimuth vector plot. From these plots, inflection 
points can be picked. Each inflection point is used to identify and interpret the possibility 
of sequence boundaries, unconformities, bases of channels or incised valleys, slump beds, 
cross beds, scoured surfaces, and faults. The inflection points from both plots could be 
different, depending on whether dip magnitude or dip direction has changed.  
Rose Diagram Analysis: The main purpose of this analysis is to help determine 
the direction of current flow in sedimentary beds (paleocurrent). The dip azimuth rose 
diagram plot was calculated from the rotated allbeds files, excluding slump beds. Rotated 
allbeds dips  5 are considered to be structural dips. Rotated allbeds dips  5 are 
considered to be cross beds. Therefore, these dips were used to construct dip azimuth rose 
diagrams for stratigraphic dip analysis.  
Slump Beds Analysis: Slump beds are interpreted in a different way from 









































Figure 3.18. The model for a slump which is assumed as a fold. The model 
shows the data plot in stereonet and paleoslope direction. Pole of 
axial surface represents the paleoslope direction. (Modified from 








































in 3 dimensions. The poles of dips picked in the slump folds are represented by the 
crosses on the stereoplot. The great circle is drawn to represent the best-fit line for these 
poles. The pole to the great circle represents the fold axis. The fold axis lies generally 
parallel to the local paleoslope azimuth. The line perpendicular to the paleoslope azimuth 
will be assumed to be the transport direction of the slump (Rahmat, 2000).  
Tadpole Analysis: Tadpoles consists of a dot with an attached tail or headless 
arrow. The dot plot shows the dip magnitude of the bed, and the tail points towards the 
dip azimuth of the bed.  The pattern of tadpoles can be used to analyze the geometry of 
sedimentary structures (Newberry and Grace, 1998). Three main patterns for tadpole 
analyses are thickening upward, thinning upward, and constant downdip (Figure 3.19 and 
3.20). Figure 3.21 shows tadpole analyses from well #4, they are thickening upward, 
thinning upward, and constant dip. The results from tadpole analysis can give information 
about the sedimentary environment. Figures 3.22 and 3.23 show tadpole patterns in 
different environments such as: non-marine/continental, continental shelf; delta 
dominated, and continental shelf; tide, wave and current dominated (Gilbreath, 1987).  
 
3.3. Digital Core Photos 
Digital core photos were obtained from the University of Wyoming as jpeg files 
with RGB color and 300 dpi resolution. Core photos were processed and transferred to 
RECALL/REVIEW software for viewing during FMI interpretation. Some of the FMI 













































 Figure 3. 19 Blue and red pattern that shows downdip thinning (thickening 
upward) and downdip thickening (thinning upward). (From 














































Figure 3.20  Green pattern that shows constant downdip section (planar 









































































































































































































































































































































Figure 3.23   The tadpole analysis for continental shelf: Tide, 







3.4. Digital Core Descriptions 
 Digital core descriptions were obtained from Martinsen (1999) as pdf files. The 
following chapters show figures with segments of core descriptions that have tadpoles 
determined from the FMI interpretation. Figure 3.24 is the legend that should be used 



















Figure 3.24 This legend applies to core descriptions that appear in later 





4.1. Location of Well 
Well #5 represents the Blair Formation, which is located in Section 5, T19N, 
R102W, 1.5 mi (2.4 km) southeast of the I-80 road cut on the east flank of the uplift. The 
well location is immediately on the top of a hill at elevation 6,640 ft (2,012 m) above 
MSL (Figure 4.1). The location of well #5 is next to a measured section known as MS-4. 
Figures 4.2 and 4.3 from Shannon (1983) show the location of the measured sections and 
the correlation between those measured sections. 
 
4.2. Outcrop Description 
The outcrop description is taken from Martinsen et al. (1998) and Martinsen and 
Steel (2001). The author, Komar Purwanto, attended a field trip but did no original 
outcrop work. The outcrop next to well #5 is in the upper sandstone interval of the Sandy 
member of the Blair Formation. A large scoured surface (Figure 4.4) divides two facies 
above and below. These facies are similar in sedimentary structure. Facies dominantly 
consist of thin horizontal to ripple laminated sandstone, which is tan, very fine to fine 
grained sandstone, and displays sharp lithologic contacts with interbedded shales, and 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Shannon (1983) described MS-4 as a Sandy member basin depositional system, 
and divided it into a lower and upper fan environment. The basal sandstone is described 
as a lower fan, middle shaley sandstone and upper sandstones are described as upper fan 
(Figure 4.2). 
 
4.3. Core Description 
The core from this well is 369.9 ft (112 m) long and is comprised of the middle 
shaley sandstone and upper sandstone in the Sandy member (lower member) of the Blair 
Formation. The core interval is longer than the log interval. Some of the log data does not 
cover the top and bottom of the well. The top of the core is at 24 ft (7.3 m) core depth and 
the bottom of the core is at 393.9 ft (119 m) core depth. Appendix A compares core depth 
to log depth. The recovery factor of this core is 93%. The core description is from 
Martinsen (1999). 
 
4.4. FMI Interpretation 
The FMI log in the Blair well is 332 ft (100 m) log long. The top of the log is at 
50 ft log depth (49.9 ft core depth) and the bottom of the log is 382 ft log depth (390.1 ft 
core depth). The FMI interpretation is available in files BLAIR_50.tif and BLAIR_200.tif 
on the CD-ROM at the back of this thesis. 
From the FMI image interpretation in this well, some sedimentary features are 













scoured surfaces, bioturbation, and slump beds (Figure 4.6). The bed boundary is the 
most common feature in this formation and is found from the top to the bottom of the log. 
Only one scoured surface is present at 65 ft log depth (65 ft core depth). This represents 
the contact between cross beds and parallel lamination. For more detail, see the FMI 
alldips file in Appendix B.  
In the FMI interpretation, gamma ray 90 API units is used to define the shale 
beds for structural dip rotation. These shale beds occur along the borehole except above 
163 ft log depth. The cumulative dip plot shows 2 major inflection points at log depth 
217.72 and 373.28 ft (218.8 and 374.8 ft core depth). The plot is divided into 3 segments: 
A, B, and C (Figure 4.7). The dip azimuth vector plot does not have any major inflection 
point that can be chosen (Figure 4.8). The inflection points from the cumulative dip plot 
are therefore used to make structural dip and allbed rotation.  
Results from stereoplots of segments A, B, and C are shown in Figure 4.9. The 
mean result from each dip domain is used to subtract the structure from alldips in certain 
depth intervals to get rotated beds. The dip interval above 163 ft log depth, which has no 
shale beds, is referred to the structural dip rotation from segment A. Generally, the 
structural dip in this well is 2 to 4 degrees to the northeast. 
 
4.3.1. Sedimentary Features 
The cumulative dip and dip azimuth vector plots for allbeds (Appendix B) are 














































































































































































































































































Figure 4.7  The cumulative dip plot for shale beds with GR  90 API units 
in well #5, Blair Formation. Inflection points from the 
cumulative dip plot are shown with the (C) symbol adjacent to 



























































































































































Figure 4.9. The mean structural dip for shale beds in each segment in well #5, Blair 
Formation. These results are used for structural dip rotation. These are 



























N = 30 































N = 200 



































N = 72 










which separate 5 dip domains. Inflection points are interpreted to be associated with bed 
boundaries, slump beds, and cross beds. The dip azimuth vector plot (Figure 4.11) shows 
6 inflection points associated with slump beds and bed boundaries. These inflection 
points show a change of dip azimuth and dip magnitude. The general orientation of the 
dip azimuth vector plot is to the east-notheast. 
From tadpole interpretation, generally the beds have parallel lamination with 
almost horizontal beds (dip  5). Thinning upward is found in the 57.5 to 65.5 ft log 
depth (57.4 to 65.5 ft core depth). This is interpreted as lateral accretion surfaces in a 
tidally influenced channel (Figure 4.12). A scattered pattern of tadpoles is found from 
135 to 160 ft log depth (32.5 to 157.5 ft core depth) (Figure 4.13). 
  
4.3.2. Structural Features 
No structural features were observed in this formation.  
 
4.3.3. Stratigraphic Dip Interpretation 
Stratigraphic dip interpretation is done from rotated allbeds dips, excluding slump 
beds. Filtering is done so that dip magnitude is greater than 5. In this well, bed 
boundaries generally have very flat dip, and after rotation the mean dip is generally less 
than 5. 
Steeply dipping beds (more than 5 dips) occur in the interval 57 to 65.5 ft log 



































































































































































































































































                           
































































































































































































































































Figure 4.12. Inferred channel with lateral accretion surfaces, Blair Formation. 
Tadpoles show a downward increase in dip magnitude. Rose 
diagram shows dip azimuth of tadpoles. Tadpoles have had 
structural dip removed and they have been filtered so that dip 
magnitude 5 degrees. Core description from Martinsen (2000). 



















































Figure 4.13. Scattered paleocurrent dips in Middle Shaley Sandstone, Sandy 
member of the Blair Formation. Rose diagram shows that the dips 
are generally to the north and east. Tadpoles have had structural 
dip removed and they have been filtered so that dip magnitude 5 
degrees. Core description from Martinsen (1999). Figure 3.24 is 






















to R. Martinsen (pers. commun., 2002), these are lateral accretion surfaces that show 
increasing dip magnitude vs. depth. Bed boundaries from 70 to 72 ft log depth (69.9 to 
71.8 ft core depth) show an orientation to the east. The rose diagrams show that the dip is 
generally to the east-northeast. From 135 to 160 ft log depth (32.5 to 157.5 ft core depth), 
the dip is variable (Figure 4.13). 
 
4.3.4. Slump Beds 
Slump beds appear as planar bedding, like bed boundaries or cross beds with 
steep dip (30). The consistency in dip suggests that this is a rotated slump block. The 
flat dips at the base may have been flattened by drag folding as the slump block moved. 
The base of the rotated slump block is also shown in the outcrop as a scoured surface 
(Figure 4.4). Pattern of tadpoles from slump beds show thickening upward.  
There is only one slump bed interval observed, from 108.5 to 114.8 ft log depth 
(105 to 111.8 ft core depth) (Figure 4.14). From 58 samples, the strike of the axial surface 
is N158E and the plunge is 75.3. The pole to the axial surface shows the paleoslope 




The most distinctive feature seen on the FMI log is a series of slump beds from 







































Figure 4.14. Slump beds in Middle Shaley Sandstone, Sandy member of the Blair 
Formation. Tadpole pattern shows dip magnitude increasing upward. 
Stereonet from slump beds plot shows that the paleoslope is to the 
west-southwest. Tadpoles have had structural dip removed and they 
have been filtered so that dip magnitude 5 degrees. Core 

























Martinsen et al. (1998) and Martinsen (1999) is apparent in the FMI log as the base of 
this series of slump beds at 114.4 ft log depth. The allbeds cumulative dip plot (Figure 
4.14) shows the inflection points that correspond to this series of slump beds. Slump bed 
interpretation suggests that the paleoslope was locally to the southwest (Figures 4.15 and 
4.16). Slump beds are interpreted as a rotated slump block. The base of the rotated slump 
block is observed in the outcrop as a scoured surface (Figure 4.4). 
Where steep dips (5) are present after structural dip removal, the dips generally 
show an east-northeast orientation. Figure 4.12 shows lateral accretion surfaces in a 
channel, according to Martinsen (pers. commun., 2002). 
Shannon (1983) inferred that the lower Sandy member is a basinal sandstone 
deposit, and the upper Shaley member was deposited in a slope and prodelta setting, 
transitional with the Rock Springs delta complex. Outcrop studies suggest a south to 
southeast paleocurrent direction within the upper sandstone sequence of the Sandy 
member of the Blair Formation. Slump beds measured here in the Blair Formation show a 
northwest-southeast trend (Figure 4.17). An isopach map from subsurface data from the 
Blair Formation shows that thickening is to the southeast (Figure 4.18). The long arrow in 
the isopach map shows the delta prograded to the southeast. The shorter arrow shows the 
southwest paleoslope interpreted from the borehole. 
 Hendricks (1983) described the Blair Formation as a delta progradation. From 






















Figure 4.15.  Paleoslope interpreted from slump beds in well #5 Blair Formation. 
A) Plot of slump bed poles and best-fit great circle, B) Axial surface 
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Figure 4.16.  Schematic view of slump into channel in the Blair Formation. 
SE 
CHANNEL PALEOSLOPE 
Paleoslope perpendicular to 














































































































































































































































Figure 4.18. Isopach map of Blair Formation, from top of Baxter Shale to the 
base of Rock Springs Formation (Shannon, 1983). Well #5 is shown 
in the middle of the map. The long arrow shows the direction in 
which delta prograded. The short arrow shows the paleoslope 








direction was to the southeast. From subsurface measurements, the Blair Formation 
thickens from north to southeast across the uplift.  
 Martinsen and Steel (2001) suggested that the paleoslope of Blair Formation 
deposition was to the southeast. This study infers that a channel was cut into the 
paleoslope. The borehole intersected a slump block which slid into the channel from one 










ROCK SPRINGS FORMATION 
 
 
5.1. Location of Well 
Well #2 represents the Rock Springs Formation which is located in Section 9, 
T21N, R103W. The well is located on the Crooked Canyon outcrop of the Chimney Rock 
Tongue member of the Rock Springs Formation, on the northern flank of the Rock 
Springs uplift (Figure 5.1). The elevation of the well is 7,215 ft (2,186 m) above MSL. 
 
5.2. Outcrop Description 
Well #2 is a valley fill deposit in the Chimney Rock Tongue, which is one of the 
productive sandstone bodies in the Mesaverde Group. The Chimney Rock Tongue is a 
basal regressive sequence of the Rock Springs Formation. The basal tan sandstones of 
this member form the gradational contact between the Rock Springs and Blair 
Formations. Lithologically, the Chimney Rock Tongue consists of laterally extensive, 
tan, marine sandstone, gray, marine fissile shales, carbonaceous shales, and coal 
(Hendricks, 1983).  
The author, Komar Purwanto, attended a field trip but did no original field work. 
The outcrop in Crooked Canyon next to well #2 has fluvial sands cutting down through a 









































































































































































succession (Martinsen et al., 1998). The two major parts of the valley fill (VF1 and VF2) 
are composed of stacked laterally accreting channelized deposits, and are separated by a 
throughgoing erosional surface (Figure 5.2). 
The valley fill is composed of alternating sandstone and mudstone units that 
contain small to medium scale trough cross stratification. The second channel incision 
that removed the initial fill within the valley shows an erosional surface at the base of  the 
channel (Martinsen et al., 1998).  
 
5.3. Core Description 
The 401.9 ft (122 m) long core in well #2 represents the lower part of the Rock 
Springs Formation and records the Chimney Rock Tongue. The top of the core is at 47 ft 
(14 m) core depth and the bottom of the core is at 448.9 ft (136 m) core depth (Appendix 
D compares core depth to log depth). The core recovery factor in this well is 91.5 %. The 
core description shows that there are several facies (Martinsen, 1999): distributary 
channel fill, estuarine, crevasse splay, mixed fluvial plain, shoreface, and offshore facies. 
 
5.4.  FMI Interpretation 
The FMI log in the Rock Springs Formation, well #2, is 351 ft (106 m) long. The 
log measurement is shorter than the core measurement. The top of the log is at 83 ft log 






























































































































































































depth). The FMI interpretation is available in files ROCK_SPRINGS_83.tif and 
ROCK_SPRINGS_250.tif on the CD-ROM at the back of this thesis. 
Planar features observed from the FMI log (Appendix E) are bed boundaries, 
cross beds (Figure 5.3), hummocky cross stratification (Figure 5.4), scour surfaces, 
bioturbation, oyster lags, root zones, slump beds (Figure 5.5), and open fractures (Figure 
5.6).  
A gamma ray cut off >100 API units was applied to determine the shale beds in 
cumulative dip plot and dip azimuth vector plot for structural dip rotation. The 
cumulative dip plot for shale beds has 3 major inflection points at 103.06 ft, 179.01 ft, 
and 341.4 ft log depth (99.1 ft, 180.6 ft, and 350.8 ft core depth) (Figure 5.7). The dip 
azimuth vector plot for shale beds has more inflection points than the cumulative dip plot. 
The 5 major inflection points are at 103.06 ft, 179.01 ft, 258.7 ft, 341.4 ft, and 422.63 ft 
log depth (99.1 ft, 180.6 ft, 265.3 ft, 350.8 ft, and 435.1 ft core depth) (Figure 5.8). The 
combination of both approaches gave the best result. The 5 major inflection points were 
chosen to determine the structural dip in 6 segments (A, B, C, D, E, and F). The summary 
stereoplot of poles in each segment from the cumulative dip plot and dip azimuth vector 
plot is shown in Figures 5.9 and 5.10. The mean results from the poles were used to 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 5.9.  The mean structural dip for shale beds in A, B, and C segments in well 
# 2, Rock Springs Formation. These means are used for structural dip 
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Figure 5.10.  The mean structural dip for shale beds in D, E, and F segments in well 
# 2, Rock Springs Formation. These means are used for structural dip 
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5.4.1. Sedimentary Features 
 The cumulative dip and dip azimuth vector plots for allbeds were made. The 
allbeds cumulative dip plot (Figure 5.11) shows the results of interpretation and analysis. 
It shows 16 inflection points, and 17 dip domains which correspond to bed boundaries, 
scoured surfaces, and slump beds. The dip azimuth vector plot for allbeds (Figure 5.12) 
shows 19 inflection points associated with the same sedimentary features interpreted 
from the cumulative dip plot.  
From tadpole analysis, some sedimentary features are shown: planar bed 
boundaries and parallel lamination are dominant, cross beds with fining and thickening 
upward cycles represent the tidally influenced channel and the channel fill (Figure 5.13). 
Hummocky cross stratification shows fining and thickening upward cycles with gentle 
dips ( 16 degree) that represent stacked storm beds and amalgamated storm beds (Figure 
5.14).  
Scoured surfaces occur with cross beds and hummocky cross stratification. 
Bioturbation occurs in prograding shoreface and coastal plain deposits. Oyster lags are 
observed in storm beds and coastal plain environment, and occur as 0.5 to 1.0 ft thick 
layers. Rooted zones are found in coastal plain deposits. Mud clasts are observed at the 
















































































































































































































































































































































































































































































































































































Figure 5.13.  Image of tadpoles from fining upward channel fill in well #2, Rock 
Springs Formation. Cross beds were formed in an inferred delta 
plain environment, based upon core description. Rose diagram 
shows that dip azimuth of the tadpoles plots generally to the south. 
Tadpoles have had structural dip removed and they have been 
filtered so that dip magnitude 5 degrees. Core description from 






















































Figure 5.14.  Image of tadpoles from hummocky cross stratification with gentle 
dips in upper shoreface sediments, well #2, Rock Springs Formation. 
Rose diagram shows that dip azimuths of the tadpoles have scattered 
orientations. Tadpoles have had structural dip removed and they 
have been filtered so that dip magnitude 5 degrees. Core 





























































Figure 5.15. a) Stereoplot of open fracture poles in a lower hemisphere 
projection (n=4), and b) Rose diagram shows the vector mean 
of open fractures, strike is N84E. 
 
 
a) Stereoplot of poles 





5.4.2. Structural Features 
Four open fractures are the only structural features observed in this well. The 
stereoplot (Figure 5.15a) shows the pole of each fracture in a lower hemisphere 
projection. The rose diagram plot shows that the vector mean strike of open fractures is 
N84E (Figure 5.15b). 
 
5.4.3 Stratigraphic Dip Interpretation 
The rotated allbeds (excluding slump beds) with dips of more than 5 have been 
plotted as dip azimuth rose diagrams. The rose diagram plots are made in certain depth 
intervals according to the gamma ray log signatures and the core description. Rose 
diagrams in this well show considerable variation in 13 different depth intervals.  
To simplify the interpretation, those intervals have been classified into 3 different 
sedimentary processes and sub-environments: 1) storm beds in the prograding shoreface, 
the general dip direction is to the north, northwest, and northeast; 2) coastal plain, 
generally the bedding is horizontal with dip 5; 3) channel fill, consists of cross beds 
which have dips generally to the north and south. Figures 5.16 and 5.17 show the thickest 
sandstone bodies in the valley fill 1 and valley fill 2, respectively. 
 
5.4.4. Slump Beds 
Slump beds that are observed in this well are not always seen as the ideal slump 










































Figure 5.16.  Image of tadpoles from a stacked tidally influenced channel in the 
valley fill 2, Rock Springs Formation, well #2. These steeply 
dipping beds show a south–southwest preferred dip direction. 
Tadpoles have had structural dip removed and they have been 
filtered so that dip magnitude 5 degrees. Core description from 





























































Figure 5.17.  Image of tadpoles from stacked tidally influenced channel in the 
valley fill 1, Rock Springs Formation, well #2. These steeply dipping 
beds show a north-northwest orientation. Tadpoles have had 
structural dip removed and they have been filtered so that dip 
magnitude 5 degrees. Core description after Martinsen (1999). 





























Figure 5.18.  Paleoslope interpreted from slump bedding in well #2, Rock 
Springs Formation. A) Plot of slump bed poles and best-fit great 
circle, B) Axial surface and its pole. Projection is lower 


























   























   

















and resembles cross beds or bed boundaries which have steep dip. The core descriptions 
by Martinsen (1999) help in slump bed identification in this case.  
Two intervals of slump beds are identified (Figure 5.18). The first interval is from 
154 to 171.1 ft log depth (154.5 to 173 ft core depth). The number of samples is 8. The 
fold axes and axial surface generally have north-south trend, and the dip azimuth is 
N162.4E and the plunge is 84.5. The paleoslope orientation of this interval is N72.4E. 
The second interval is from 193 to 266 ft log depth (195.5 to 271 ft core depth). The fold 
axes and the axial surface orientation generally are west-east, dip azimuth is N269.3E 
and plunge is 83. The paleoslope of this interval is N179.3E. 
Figure 5.19 shows the plot of depth vs. dip azimuth of slump beds. This plot 
shows that slump beds occur in either shales or sands. 
 
5.4.5. Discussion 
The base of the main channel which is observed from outcrops and well 
correlations is shown in the cumulative dip and dip azimuth vector plots at 258.9 ft log 
depth (263.5 ft core depth). There are only slight inflection points observed on both plots 
at this depth (Figure 5.11 and 5.12). There is no major change in dip and dip azimuth 
between the main channel above and the base of the channel below. 
The results of paleoslope interpretation from slump beds analyses in this well are 



















































Figure 5.19. Depth vs. dip azimuth plots for slump beds in well #2, Rock Springs 
Formation. The gamma ray log shows that slump beds occur in 
either shales or sands. The red line divides the slump beds depth 
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shoreface, shows the paleoslope is to the N72.4E. The second interval, which represents 
a transgressive sand at the top of the valley fill, shows the paleoslope is to the N179.3E. 
VF1 (Figure 5.17) is interpreted as a stacked tidally influenced channel, which has 
cross bed orientation to the north (Martinsen, 1999). VF2 (Figure 5.16), which is 
interpreted by Martinsen (1999) as a stacked tidally influenced channel, has cross bed 
orientation to the south-southwest. 
Hendricks (1983) stated that the Chimney Rock Tongue is the basal regressive 
sequence to the southeast which forms the gradational contact between the Rock Springs 
and Blair Formations. Facies change from marine sandstones and nonmarine deposits in 
the northwest to marine shales and marine sandstones in the southeast portion of the Rock 
Springs uplift. The isopach map of the Chimney Rock member on the east flank of the 
Rock Springs uplift shows thinning of the tongue generally to the southeast (Figure 5.20). 
Shannon (1983) interpreted the Chimney Rock Tongue member as a delta 
progradation. Rose diagrams (Figure 5.21 and 5.22), show the dip directions measured 
from cross stratification in outcrop of coarsening and fining upward sand. Dips are 
generally to the southwest and south.  
Compared with Shannon’s (1983) interpretation, the results from FMI 
paleocurrent interpretation shows the same direction in the fining and coarsening upward 
cross stratification in the main channel (200 to 227.5 ft log depth). Cross beds in another 
channel (227.5 to 257.5 ft core depth) from FMI analysis show the opposite dip direction 













































Figure 5.20. Isopach map of Chimney Rock member, Rock Springs Formation 
(Hendricks, 1983). Well #2 is shown in the northwest part of the 
map. The arrows show the cross bed orientations in the main valley 

















































Figure 5.21. Dip direction of cross-stratification of coarsening upward 
sandstone within the Chimney Rock member of the Rock 
Springs Formation (Shannon, 1983). 
Figure 5.22.  Dip direction of cross-stratification of fining upward sandstones 










6.1.  Location of Well 
Well # 1 represents the Ericson Formation which is located in Section 7, T22N, 
R103W. This well is located immediately on the top of the hill in Cedar Canyon, in the 
north part of the Rock Springs uplift (Figure 6.1). The elevation of the well is 7,340 ft  
(2,224 m) above MSL.  
 
6.2.  Outcrop Description 
The author, Komar Purwanto, attended a field trip but did no original outcrop 
work. Outcrops of the Ericson Formation exposed on the east flank of the Rock Springs 
uplift have been described by Martinsen and Steel (2001). They suggested that 8–10 
shoreline progradational tongues in the Sand Wash basin are time equivalent to fluvial 
unconformities within the amalgamated parts of the Ericson Formation on the Rock 
Springs uplift. Well #1 covers three members of the Ericson Formation in the Rock 


























































































































































































6.3.  Core Description 
The Ericson core is 590 ft (179 m) long. The top of the core is at 48 ft and the 
bottom of the core is at 638 ft core depth. This core has a 94% recovery factor. Cores, 
which have been described by Martinsen (1999), consist of the three members of the 
Rock Springs Formation: Trail member, Rusty member, and Canyon Creek member. 
Martinsen (1999) divided cores into 2 different depositional environments. The Canyon 
Creek member was deposited in an alluvial plain to upper delta plain. The depth of this 
member is from 48 to 138.8 ft core depth (52 to 141.7 ft log depth) (see Appendix G to 
compare core depth to log depth). The Rusty member was deposited in a lagoon/lower 
delta plain. The depth of this member is from 138.8 to 227.5 ft core depth (141.7 to 226.5 
ft log depth). The Trail member was deposited in an alluvial plain/upper delta plain. The 
depth of this member is from 227.5 to 638 ft core depth (226.5 to 620 ft log depth). 
According to Martinsen (1999), the core has four different facies: distributary channel 
fill, crevasse splay, mixed-load fluvial plain, and suspended-load fluvial plain. 
 
6.4. FMI Interpretation 
The FMI log in the Ericson Formation is 562 ft (170 m) long. The top of the log is 
at 52 ft log depth (49 ft core depth) and the bottom of the log is at 620 ft log depth (637.3 
ft core depth). The FMI interpretation is available in files ERICSON_56.tif, 





The sedimentary features observed are cross beds (Figure 3.6), scour surfaces 
(Figure 3.8), bed boundaries, lamination beds, parallel beds, bioturbation, rooted zones 
(Figure 3.11), slump beds (Figure 3.9), and clay clasts (Figure 3.13). Structural features 
observed are open fractures, healed fractures (Figure 3.16), and microfaults (Figure 3.14). 
See Appendix H for dip picking and interpretation. 
To do bed rotation, the shale beds which represent flat-lying deposits are defined 
using a gamma ray cut off 100 API units. Shale beds are then plotted in the cumulative 
dip plot and dip azimuth vector plot. The cumulative dip plot for shale beds has 4 major 
inflection points at 174 ft, 216 ft, 226 ft, and 350 ft log depth (171.2 ft, 216 ft, 227 ft, and 
358.3 ft core depth) (Figure 6.2). The dip azimuth vector plot also has 4 major inflection 
points at the same depths (Figure 6.3). The four inflection points divide the structural dip 
into five segments (A, B, C, D, and E). The stereoplots for each segment are shown in 
Figures 6.4 and 6.5. The means from tadpoles are then used to remove structural dip 
(Appendix I). 
 
6.4.1. Sedimentary Features 
The cumulative dip and dip azimuth vector plots have been created for allbeds. 
The cumulative dip plot is made to interpret sedimentary features by analyzing the 
inflection points. This plot has 9 inflection points which divide the plot into 10 dip 
domains (Figure 6.6). The inflection points are interpreted as bed boundaries, cross beds, 














































































































































































































































































































































































































































































































Figure 6.4. The mean structural dip for shale beds in A, B, and C segments in well # 
1, Ericson Formation. These means are used for structural dip rotation. 
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Figure 6.5. The mean structural dip for shale beds in D and E segments in well # 1, 
Ericson Formation. These means are used for structural dip rotation. 
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NO DEPTH (Feet Log depth) INTERPRETATION 
1 79.3 Slump 
2 84.3 Slump 
3 109.7 Cross bed 
4 114.3 Cross bed 
5 119.5 Slump 
6 139.6 Slump  
7 166.5 Slump 
8 164.3 Slump 
9 176.0 Cross bed 
10 182.0 Microfault 
11 185.0 Microfault 
12 190.8 Scoured surface 
13 198.5 Slump 
14 209.5 Slump 
15 211.0 Slump 
16 226.6 Unconformity 
17 233.8 Cross bed 
18 231.0 Cross bed 
19 237.4 Cross bed 
20 240.1 Cross bed 
21 242.5 Cross bed 
22 248.2 Scoured surface 
Table 6.1.  Inflection points interpretation from dip azimuth vector plot 





NO DEPTH (Feet Log depth) INTERPRETATION 
23 254.3 Cross bed 
24 256.3 Cross bed 
25 262.3 Cross bed 
26 284.3 Slump 
27 291.8 Healed fracture 
28 357.4 Slump 
29 386.6 Cross bed 
30 398.5 Cross bed 
31 413.5 Slump 
32 421.5 Slump 
33 431.4 Slump 
34 451.3 Cross bed 
35 461.5 Microfault 
36 465.0 Cross bed 
37 468.1 Cross bed 
38 484.8 Bed boundary 
39 495.5 Slump 
40 497.5 Slump 
41 505.0 Slump 
42 518.4 Scoured surface 
43 521.8 Scoured surface 
44 526.9 Cross bed 
NO DEPTH (Feet Log depth) INTERPRETATION 









45 534.2 Slump 
46 547.4 Cross bed 
47 565.5 Scoured surface 
48 574.4 Scoured surface 
49 584.0 Cross bed 
50 585.1 Scoured surface 
51 587.4 Scoured surface 
52 588.2 Scoured surface 
53 593.1 Cross bed 










Table 6.1.  (Continued). 
are interpreted (Figure 6.7). The inflection points from the dip azimuth vector plot 
correspond to bed boundaries, cross beds, slump beds, and scoured surfaces (Table 6.1). 
From those inflection points, seven major inflection points are made to simplify the 
interpretation. The major inflection points show cross beds in the channel fill bodies, and 
slump beds. 
 
6.4.2. Structural Features 
The structural features that are observed in this well are open fractures, healed 
fractures (Figure 3.8), and microfaults (Figure 3.14). There are only 3 open fractures 
observed in this well. The stereoplot shows the open fracture poles in a lower hemisphere 
projection. The rose diagram shows the mean strike of the open fractures is N10E 
(Figure 6.19). Healed fractures in this well have 11 data points. The stereoplot shows the 
healed fractures poles in lower hemisphere projection. The rose diagram shows that the 
mean strike of the healed fractures is N42E (Figure 6.9). 
There are 14 microfaults in this well. The stereoplot shows the microfault poles in 
a lower hemisphere projection. The rose diagram shows that the mean strike of 
microfaults is N32 E (Figure 6.10). 
 
6.4.3. Stratigraphic Dip Interpretation 
Rotated allbeds (excluding slump beds) which have 5 dips in this well are 












































Figure 6.8. a) Stereoplot of open fracture poles in lower hemisphere projection 
(n=3), and b) Rose diagram shows the vector mean of open 
fractures, strike is N10E. 
 
 
a) Stereoplot of poles 












































Figure 6.9.  a) Stereoplot of healed fracture poles in lower hemisphere 
projection (n=11), and b) Rose diagram shows the vector mean 
of open fractures, strike is N42E. 
 
 
a) Stereoplot of poles 












































Figure 6.10.  a) Stereoplot of microfaults in lower hemisphere projection 
(n=14), and b) Rose diagram shows the vector mean of 
microfaults, strike is N32E. 
 
 
a) Stereoplot of poles 





gamma ray values and the core description. The tadpoles in each depth interval are 
plotted in the rose diagram. The 3 members in the Ericson Formation will be discussed 
separately.  
Canyon Creek Member: The interval depth of this member is 52 to 141.7 ft log 
depth (48 to 138.8 ft core depth). Generally, stratigraphic dips in this member are in a 
north to northeast direction. Steeply dipping beds are present in channel fill deposits. 
Tabular and trough cross beds with thinning and thickening upward are shown in sandy 
meandering channels (Figure 6.11) and stacks of poorly preserved fluvial channels 
(Figure 6.12).  
Rusty Member: The interval depth of this member is 141.7 to 226.5 ft log depth 
(138.8 to 227.5 ft core depth). The stratigraphic dip of steep beds in this member is to the 
north and west. Cross beds occur in channel-fill deposits. Tabular cross beds with 
thinning and thickening upward trends are present. Scoured surfaces separate thinning 
and thickening cycles. The dip and azimuth of tadpoles change above and below the fault 
at 186 ft log depth (184 ft core depth)(Figure 6.13).  
Trail Member: The interval depth of this member is 226.5 to 620 ft log depth 
(227.5 to 638 ft core depth). Several channel fill bodies are observed in this member. 
These channel fill bodies have different cross-bed directions. Channel bodies in the 
interval 226.5 to 270.9 ft log depth (227.5 to 275.5 ft core depth) have south to southwest 
stratigraphic dips (Figure 6.14). The channel body from 368.8 to 403.2 ft log depth (378 








































Figure 6.11. The fining upward sequence in a sandy meandering channel in the 
Canyon Creek member. Rose diagram shows that the tadpoles dip 
generally to the north. Tadpoles have had structural dip removed and 
they have been filtered so that dip magnitude 5 degrees. Core 

























































Figure 6.12. Stacked channels in the Canyon Creek member. Rose diagram shows that 
the dip of the tadpoles is generally to the north. Tadpoles have had structural dip 
removed and they have been filtered so that dip magnitude 5 degrees. Dashed line 
shows unconformity. Core description from Martinsen (1999). Figure 3.24 is the 

























































Figure 6.13. Distributary channel in the Rusty member. Rose diagram shows that 
the dip of the tadpoles is generally to the west. Dips change above and below the 
fault at 186 ft log depth (184 ft core depth). Tadpoles have had structural dip 
removed and they have been filtered so that dip magnitude 5 degrees. Core 


























































Figure 6.14. Channel with repeated erosional phases in the Trail member. Rose 
diagram shows that the dip of the tadpoles is generally to the south. Tadpoles 
have had structural dip removed and they have been filtered so that dip magnitude 


























































Figure 6.15. Channel with repeated erosional phases in the Trail member. Rose 
diagram shows that the dip of the tadpoles is generally to the north. 
Tadpoles have had structural dip removed and they have been 
filtered so that dip magnitude 5 degrees. Core description from 


























































































































































































































































































































































































































































upward channel body in interval 440.5 to 492.5 ft log depth (450.8 to 505.8 ft core depth) 
has northeast to east stratigraphic dip direction (Figure 6.16). Another fining upward 
channel body that occurs in interval 536.2 to 588.2 ft log depth (550.9 to 605.5 ft core 
depth) shows stratigraphic dip to the south (Figure 6.17).  
 
6.4.4. Slump Beds 
 Slump beds in this well are divided into six depth intervals (Figures 6.18 and 
6.19). The intervals are chosen according to the slump bed occurrences and the 
depositional environment interpreted from the core description. Each interval represents a 
different depositional event and a different paleoslope direction.  
The first interval, 58 to 147 ft log depth (55 to 143.5 ft core depth), represents a 
fining upward channel fill. This interval also represents the whole Canyon Creek 
member. The paleoslope for the Canyon Creek member is N24E. The second interval 
represents the Rusty member, 147 to 212.5 ft log depth (143.5 to 209 ft core depth). This 
interval has a paleoslope direction of N170E.  
The Trail member is divided into four depth intervals. The interval from 212.5 to 
292.8 ft log depth (209 to 289 ft core depth) shows a N144E paleoslope direction. The 
301 to 447 ft log depth (307.3 to 458 ft core depth) interval shows a N213E paleoslope 
direction. The 457 to 578 ft log depth (468 to 995.6 ft core depth) interval has paleoslope 
direction of N255E. The 594 to 617 ft log depth (611.5 to 624 ft core depth) interval has 
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Figure 6.18.  Paleoslope interpreted from interval 1,2,3, and 4 slump bedding in well 
#1 Ericson Formation. A) Plot of slump bed poles and best-fit great 
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Figure 6.19.  Paleoslope interpreted from interval 5 and 6 slump bedding in well #1 
Ericsom Formation. A) Plot of slump bed poles and best-fit great circle, 













































Figure 6.20. Depth vs. dip azimuth plots for slump beds in well #1, Ericson 
Formation. The gamma ray shows that slump beds occur in either 
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The crossplot of depth and dip azimuth of slump beds is shown in Figure 6.20. 
The gamma ray trace shows the distribution of slump beds in either shale or sand.  
 
6.5. Discussion 
Stratigraphic dip analysis in this formation shows various directions. Each 
member gives different results. Each rose diagram represents a certain depth interval of 
the depositional system. According to Martinsen and Steel (2001) and Martinsen (1999), 
the Trail member is interpreted as a braided channel system which has stratigraphic dip 
orientations to the north, northeast, and south. The Rusty member, which is interpreted by 
Martinsen and Steel (2001) and Martinsen (1999) as coastal plain deposits with 
distributary channels, shows stratigraphic dip orientations to the west and north. The 
Canyon Creek member, which is interpreted by Martinsen and Steel (2001) and 
Martinsen (1999) as a meandering channel system, has stratigraphic dip orientations to 
the north.  
From the cumulative dip and dip azimuth vector plots, the unconformity between 
the Canyon Creek member and Rusty member is identified as a major inflection point. 
The unconformity between the Trail member (Ericson Formation) and Rock Springs 
Formation does not show a major inflection point. The Trail member (braided channel 
system) shows various dip magnitudes and dip azimuths. 
Paleoslopes from slump beds analyses are shown in Figures 6.18 and 6.19. The 









slump beds analysis method may not be a good approach in this well for paleoslope 
analysis.  
Hendricks (1983) developed an isopach map from subsurface data. The isopach 
map covers the Ericson Formation on the east flank of the Rock Springs uplift. The 
formation thickens generally to the southeast (Figure 6.21). The arrows show the general 









































Figure 6.21. Isopach map of the Ericson Formation on the east flank of the Rock 
Springs uplift (Hendricks, 1983). Well #1 is shown at the northwest 
corner of the map. The arrows show the general stratigraphic dip 
orientations from the Canyon Creek, Rusty, and Trail members. The 










7.1.  Location of Well 
The Almond Formation is drilled in well #4. The location of the well is in Section 
8, T15N, R102W, immediately on the top of the cliff, on the southeast part of the Rock 
Springs uplift (Figure 7.1). This outcrop figure shows the uppermost Almond shoreface 
sandstone. The elevation of the well is 7,020 ft (2,127 m) above MSL. This well 
penetrates the Almond Formation and the upper part of the Eriscon Formation, Canyon 
Creek member. 
 
7.2.  Outcrop Description 
The author, Komar Purwanto, attended a field trip bit did no original outcrop 
work. The Almond Formation outcrop is located next to well #4. Sandstones in the Upper 
Almond represent deposition within a micro to low meso-tidal barrier island system 
(Martinsen and Steel, 2001). Sand bodies consist of: channels, tidal inlet, and shoreface 
(Roehler, 1988). Barrier bars commonly have thick sand, are massive, tabular to trough 














































































































































7.3.  Core Description 
Well #4 in the Almond Formation has 834.4 ft (253 m) of core. The top of the 
core is at 8.9 ft core depth, and the bottom of the core is at 843.3 ft core depth (see 
Appendix J to compare core depth to log depth). This core consists of the Upper Almond 
Formation which has 306.6 ft (93 m) of core, the Lower Almond Formation is 364.5 ft 
(110 m) long, and the Canyon Creek member of the Ericson Formation is 163.3 ft (49.5 
m) long. The bottom of the cores had to be shifted up about 40 ft, and the top of the cores 
had to be shifted up only 2 ft relative to the log depth. The cores have 96.5% recovery 
factor. 
Several facies were documented in this well by Martinsen (1999): distributary 
channel, crevasse splay, mix-load fluvial plain, tidal inlet, foreshore, shoreface, and 
offshore facies.  
 
7.4.  FMI Interpretation 
The FMI log in this study is 847 ft (257 m) long. The top of the log is at 53 ft log 
depth (55 ft core depth), and the bottom of the log is at 800 ft log depth (841.1 ft core 
depth). The FMI interpretation is available in files ALMOND_53.tif, ALMOND_300.tif, 
and ALMOND_600.tif on the CD-ROM at the back of this thesis. 
From the FMI interpretation and analysis, the sedimentary features observed are: 
bed boundaries, laminations, planar beds, cross beds (Figure 7.2), slump beds (Figure 





























































































































































































































































3.10), root zones, clay clasts, and oyster lags (Figure 3.12). See Appendix K for dip 
picking and interpretations. 
For structural dip rotation, shale beds with gamma ray cut off 100 API units are 
used. The shale beds are plotted in cumulative dip plot and dip azimuth vector plots. 
Shale beds have 7 major inflection points at 119, 376, 494, 501.8, 544.5, 610, and 650.8 
ft log depth (24.5, 394.1, 520.1, 528.2, 573.4, 641.4, and 684.1 ft core depth) (Figure 
7.4). These inflection points divide the plot into 8 segments.  
The dip azimuth vector plot for shale beds has 3 major inflection points at 118.7, 
610.9, and 679.8 ft log depth (124.2, 642.3, and 714.1 ft core depth). The major inflection 
points from the cumulative dip plot are plotted on the dip azimuth vector plot. Inflection 
points from the cumulative dip plot match some major inflection points on the dip 
azimuth vector plot (Figure 7.5). 
Major inflection points in the cumulative dip and dip azimuth vector plots are 
combined. 7 major inflection points and 8 segments are chosen to determine the structural 
dip (Figures 7.6, 7.7, and 7.8). The inflection points are at 119, 376, 494, 501.8, 544.5, 
610, and 650.8 ft log depth (24.5, 394.1, 520.1, 528.2, 573.4, 641.4, and 684.1 ft core 
depth).  
After the mean structural dips from shale beds in each segment are obtained, the 
rotation is achieved by subtracting the mean structural dip from alldips in each segment. 
The result is the rotated alldips (Appendix L). Rotated alldips are then classified in terms 
















































































































































































































































































































































































































































































































































































































































































































































































Figure 7.6.  The mean structural dip and interval plots in A, B, and C segments in 
well #4. These means will be used for structural dip rotation. These are 
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Figure 7.7.  The mean structural dip and interval plots in D, E, and F segments in 
well #4. These means will be used for structural dip rotation. These are 
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Figure 7.8.  The mean structural dip and interval plots in G and H segments in well 
#4. These means will be used for structural dip rotation. These are 
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7.4.1. Sedimentary Features 
Allbeds analysis using cumulative dip and dip azimuth vector plots are applied to 
recognize the sedimentary and structural features from inflection points interpreted from 
those plots. The cumulative dip plot for allbeds shows 7 inflection points which divide 8 
dip domains that represent cross beds, slump beds, and scoured surfaces (Figure 7.9). 
From the dip azimuth vector plot, 20 inflection points are interpreted and correspond to 
bed boundaries, cross beds, scoured surfaces, and slumps (Figure 7.10 and Table 7.1). 
From those inflection points, 5 major inflection points are made to simplify 
interpretation. 
From tadpole analysis, thinning and thickening upward cross beds, tabular and 
trough cross beds, parallel beds, and lamination are shown. The thinning and thickening 
upward cross beds, and the tabular and trough cross beds commonly occur in the barrier 
bar and channel fill sandstones. Parallel lamination beds are common in the coastal plain 
and overbank environment deposits. 
 
7.4.2. Structural Features 
Structural features observed in this well are: open fractures (Figure 3.15), healed 
fractures, and microfaults. The open fractures have 20 samples. A rose diagram shows the 
N176E vector mean of open fractures (Figure 7.11). The healed fractures have only 2 
samples. The rose diagram shows the mean orientation to be N0E (Figure 7.12). 



















































































































































































































































































































































































































































































































NO DEPTH (Feet Log depth) INTERPRETATION 
1 107.3 Bed boundary 
2 116.0 Scoured surface 
3 132.5 Cross bed 
4 137.4 Scoured surface 
5 141.5 Cross bed 
6 162.9 Scoured surface 
7 185.0 Cross bed 
8 210.5 Cross bed 
9 228.5 Cross bed 
10 323.0 Slump 
11 339.0 Scoured surface 
12 416.8 Slump 
13 432.0 Slump 
14 470.0 Slump 
15 498.6 Slump 
16 613.2 Cross bed 
17 628.0 Cross bed 
18 678.1 Cross bed 
19 707.4 Scoured surface 





Table 7.1. Inflection points interpreted from dip azimuth vector plots for 











































Figure 7.11.  a) Stereoplot of open fractures in lower hemisphere projection, 
n=20 and b) Rose diagram shows the vector mean of open 
fractures, strike is N176E. 
a) Stereoplot of poles 











































Figure 7.12.  a) Stereoplot of healed fractures, lower hemisphere projection, 
n=2 and b) Rose diagram shows the vector mean of healed 
fractures, strike is N0E. 
a) Stereoplot of poles 





Only one sample represents a microfault. The rose diagram shows the orientation 
of the microfault is N6E (Figure 7.28).  
 
7.4.3. Stratigraphic Dip Interpretation 
Paleocurrents are obtained by plotting tadpoles from rotated allbeds (excluding 
slump beds) which have 5 dip in a dip azimuth rose diagram. The stratigraphic dips in 
this well will be discussed in three separate major intervals. 
Upper Almond Formation: Generally the stratigraphic dips in this interval are to 
the south, southeast, and east. The stratigraphic dip analysis in this interval is focused on 
the sand body in barrier bars, tidal inlets, and channel sandstones. Barrier bars have been 
named by Roehler (1988). Barrier Bar D is shown in Figure 7.14. The stratigraphic dip 
direction for this bar is generally to the west and southeast. Barrier Bar F has general 
stratigraphic dip directions to the east and southeast (Figure 7.15). The upper part of 
Barrier Bar F is a tidal inlet facies, the lower part of the Barrier Bar F is a lower shoreface 
facies. The tidal inlet sand body (Figure 7.16) has stratigraphic dip direction generally to 
the south. Shoreface to back barrier cut by tidally influenced fluvial (Figure 7.17) has a 
stratigraphic dip direction to the east-southeast. 
Lower Almond Formation: Generally the stratigraphic dip direction for this part 
is to the west, north, and northeast. The distributary channel deposits and crevasse 
channels have a north stratigraphic dip direction (Figure 7.18). Other distributary channel 











































Figure 7.13.    a) Stereoplot of microfaults in lower hemisphere projection, 
n=1 and b) Rose diagram shows the vector mean of 




a) Stereoplot of poles 






































Figure 7.14. Barrier Bar D shoreface sandstone in Upper Almond. Fining and 
coarsening upward are observed. Rose diagram shows the cross beds 
dip in various directions. Tadpoles have had structural dip removed 
and they have been filtered so that dip magnitude  5 degree. Core 





















































































































































































































































































Figure 7.16. Tidal inlet sandstone body in the Upper Almond. Fining upward is 
observed. Rose diagram shows the tadpoles dip generally to the 
southeast. Tadpoles have had structural dip removed and they have 
been filtered so that dip magnitude 5 degree. Core description from 








































































































































































































































Canyon Creek Member Ericson Formation: The stratigraphic dip direction in 
this member is all directions. The distributary channel fill in Figure 7.20 shows a 
stratigraphic dip direction to the south and north-northwest.  
 
7.4.4. Slump Beds 
Slump beds are sometimes seen just like cross beds or parallel beds with steeper 
deep. The description and analysis from core photos helps in the identification of slump 
beds.  
Eight slump bed depth intervals are defined according to the occurrence of slump 
beds and depositional environments from the core description (Figures 7.21 and 7.22). 
Figure 7.23 shows the occurrence of slump beds with depth. The occurrence of slump 
beds in the Upper Almond, Lower Almond, and Canyon Creek member of the Ericson 
Formation will be discussed individually.  
Upper Almond Formation: Four slump bed intervals are observed. The first 
interval, at 124 to 126 ft log depth (129 to 131.5 ft core depth), has a N72E paleoslope 
direction. The second interval at 127 to 142 ft log depth (132.5 to 147.5 ft core depth) has 
a N246E paleoslope direction. The third interval at 203 to 220 ft log depth (211.6 to 230 
ft core depth) has a N308E paleoslope direction. The fourth interval at 234 to 281 ft log 
depth (244 to 294.5 ft core depth) has a N83E paleoslope direction.  
Lower Almond Formation: Three slump bed intervals are defined. The first 


































Figure 7.18. Distributary channel deposit and crevasse channel sandstone in the 
Lower Almond. Fining upward is observed. Tadpoles in crevasse 
channel show a southeast direction. Tadpoles in the distributary 
channel show a northwest direction. Tadpoles have had structural dip 
removed and they have been filtered so that dip magnitude 5 
degree. Core description from Martinsen (1999). Figure 3.24 is the 























































Figure 7.19. Distributary channel fill overlain by floodplain lake fill in Lower 
Almond. Fining is observed. Rose diagram shows the tadpoles plot 
generally to the northeast. Tadpoles have had structural dip removed 
and they have been filtered so that dip magnitude 5 degree. Core 
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Figure 7.21.  Paleoslope interpreted from slump bedding in well #4. A) Plot of slump 
bed poles and best-fit great circle, B) Axial surface and its pole. 
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Axial surface  
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Figure 7.22.  Paleoslope interpreted from slump bedding in well #4. A) Plot of slump 
bed poles and best-fit great circle, B) Axial surface and its pole. 







































Figure 7.23. Depth vs. dip azimuth plot for slump beds in well #4, Almond and 
Ericson Formation. The gamma ray shows that slump beds occur in 
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direction. The second interval at 361 to 409 ft log depth (378 to 428 ft core depth) has a 
N206E paleoslope direction. The third interval at 409 to 651 ft log depth (428 to 684.5 ft 
core depth) has a N306E paleoslope direction. 
Canyon Creek Member Ericson Formation: There is only one slump bed 
interval. The paleoslope direction for the slump beds at 656 to 797 ft log depth (690 to 
837.5 ft core depth) is N170E. 
 
7.5. Discussion 
Barrier bars, tidal inlet, and channel bodies have been described by Martinsen 
(1999) from core. Several facies occur: Distributary channel, crevasse splay, mixed-load 
fluvial plain, tidal inlet, foreshore, shoreface, and offshore facies.  
The results of paleoslope analyses from slump beds are shown in Figures 7.21 and 
7.22). The variation of the paleoslope in this well suggests that the results appear to be 
random. The slump beds analysis method may not be a good approach in this well for 
paleoslope analysis. 
The stratigraphic dip directions and the pattern of the tadpoles in the upper 
Almond, lower Almond, and Canyon Creek member of the Ericson Formation interval 
show distinct differences. Barrier bars from the Upper Almond have general stratigraphic 
dip directions to the east and southeast. In the Lower Almond Formation (coastal plain), 









northeast. The general stratigraphic dip direction from the Canyon Creek member of the 
Ericson Formation distributary channels is to the north and south. 
From the cumulative dip and dip azimuth vector plots, the boundaries between the 
upper Almond, lower Almond, and Ericson Formation are near major inflection points. 
The upper Almond (barrier bar complex) shows various dip magnitudes. The lower 
Almond (coastal plain) shows various dip azimuth. 
Van Horn (1979) made some paleocurrent measurements from the outcrop on the 
east flank of the Rock Springs uplift (Figures 7.24 and 7.25). He measured cross strata in 
estuarine sandstones in the Upper Almond. The mean direction for these measurements is 
to the N36E. The paleocurrent measurement from the cross strata and ripples in 
distributary channel and overbank sandstones in the Lower Almond is N89E. In the 
Upper Ericson Formation, the paleocurrent measurement is in cross strata of a 












































Figure 7.24. Paleocurrent measurements from outcrop on east flank of Rock Springs 
uplift (Van Horn, 1979). 
 a). Paleocurrent vectorial plots of cross-strata, estuarine sandstone in 
Upper Almond. 
 b). Paleocurrent vectorial plots of cross strata and ripples in distributary 
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Figure 7.25. Paleocurrent vectorial plots of cross strata in meandering-channel 
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The Rock Springs uplift, Wyoming, has excellent outcrops of the Mesaverde 
Group. These rocks are important hydrocarbon reservoirs in the Green River, Great 
Divide, and Washakie basins. This study involves FMI logs, from four wells which 
represent the Blair, Rock Springs, Ericson, and Almond Formations. Conclusions are: 
1) Blair Formation, Well #5: The studied interval is the Sandy Member, lower 
Blair Formation, which is interpreted as a delta front environment. Sedimentary 
structures are bed boundaries, planar lamination beds, cross beds, scoured surfaces, 
bioturbation, and slump beds. Sandstone facies, which represent the delta front shoreface 
environment, have stratigraphic dip directions to the west-northwest. Thin-bedded 
heterolithic facies, which represent the offshore environment, have stratigraphic dip 
directions to the northeast. From the slump beds analysis, the paleoslope is locally to the 
southwest. This paleoslope may have been on the flank of a northwest-southeast oriented 
channel.  
2) Rock Springs Formation (Chimney Rock Tongue), Well #2: This well is 
focused on the Chimney Rock Tongue, which is interpreted as prograding shoreface and 
coastal plain deposits with a tidally influenced channel. Sedimentary structures consist of: 





bioturbation, clay clasts, plant debris, hummocky cross stratification, and scoured 
surfaces. Structures occur in several facies: distributary channel fill facies, crevasse splay 
facies, mixed-load fluvial plain facies, estuarine facies, foreshore facies, and offshore 
facies. The only structural feature observed is open fractures. From stratigraphic dip 
analysis, the Chimney Rock Tongue has a general north and south direction. The slump 
beds analysis suggests northeast and south dipping paleoslopes. From a published isopach 
map, the Chimney Rock Tongue thins to the southeast. Shannon (1983) shows the 
paleocurrent direction to the south.  
3) Ericson Formation, Well #1: Sedimentary features observed are bed 
boundaries, cross beds, planar to ripple lamination, rooted zones, slump beds, 
bioturbation, clay clasts, and scoured surfaces. They occur in distributary channel facies, 
crevasse splay facies, mixed-load fluvial plain facies, and suspended load fluvial facies. 
Structural features observed are open fractures, healed fractures, and microfaults. From 
three members of the Ericson Formation, channel body deposits in each member have 
different stratigraphic dip orientations: the Trail Member (amalgamated fluvial channel 
belts) has a stratigraphic dip direction to the north, northeast, and south; the Rusty 
Member (delta plain, estuarine, and valley fill) has a stratigraphic dip direction to the 
north and east; and the Canyon Creek Member (nested channel and meandering channel) 
has a stratigraphic dip direction to the north and northeast. The slump beds analysis 









4) Almond Formation, Well #4: Sedimentary features observed are bed 
boundaries, planar to ripple laminations, cross beds, rooted zones, bioturbation, slump 
beds, oyster lags, hummocky cross stratification, and clay clasts. They occur in 
distributary channel fill facies, crevasse splay facies, mixed-load fluvial plain facies, tidal 
inlet facies, foreshore facies, shoreface facies, and offshore facies. Structural features 
observed are open fractures, healed fractures, and microfaults. For stratigraphic dip 
analysis, the Almond Formation is divided into two parts. Shoreface barrier bars in the 
Upper Almond have a stratigraphic dip direction to the east and southeast. Coastal plain 
channel body deposits in the Lower Almond have stratigraphic dip directions to the 
northeast, northwest, and west. The slump beds analysis method is random, and cannot be 
applied to determine paleoslope direction in this well. 
5) Each depositional environment shows different characteristics in terms of dip 
magnitude, dip azimuth, and tadpole patterns. Table 8.1 summarizes the characteristics in 





















































































































































































































Table 8.1.  The depositional environments and FMI signatures, including 
range of cross-bed dip azimuth, range of cross-bed dip 
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